Background: Much attention has been given recently to the complication profile of volar plate fixation of distal radial fractures. The purpose of this investigation was to compare complication rates among patients with distal radial fractures treated with volar plating versus those treated with external fixation.
INTRODUCTION
In adults under 75 years of age, fractures of the distal radius are more common than any other fracture type. [1] [2] [3] For decades, the primary treatment method for distal radial fractures was with plaster cast, but this treatment modality frequently leads to early loss of reduction and poor functional outcome, 4, 5 with intraarticular fractures being at particularly high-risk. 6 With operative fixation, patients may require shorter periods of immobilization and may be able to return to normal activities sooner. 7, 8 As external fixation techniques for small bones have evolved, multiple studies have demonstrated improved capacity for nearanatomic reduction and higher functional scores than were historically possible. [9] [10] [11] [12] The advent of the volar locking plate has facilitated a dramatic rise in rates of plate fixation for distal radial fractures. 7, 13 From 1999 to 2007, the rate of open reduction and internal fixation for distal radial fractures have increased from approximately 42 to 81% in the United States according to the American Board of Orthopaedic Surgery Part II database.
14 Purported technical advantages of internal fixation include stable subchondral fixation of intra-articular fragments which facilitates early postsurgical active wrist motion and lower rates of post-traumatic arthritis. [15] [16] [17] [18] [19] [20] Additionally, some have observed a trend toward decreased complications that correlates with the increasing use of open treatment. 21 The purpose of the present study was to assess complications in a large group of patients with distal radial fractures and to analyze the clinical results of surgical management. We hypothesized that there would be fewer complications and improved clinical results in the palmar plating group when compared to the external fixation group. To do so, we reviewed prospectively collected data from 115 patients with highly comminuted intra-articular distal radial fractures treated by either external fixation or locked volar plating.
MATERIALS AND METHODS
This retrospective comparative study was approved by our institutional review board. From 1998 to 2006, 115 patients with comminuted intra-articular distal radial fractures were treated by either external fixation or volar plating. All patients had undergone surgery for AO type C2 or C3 fractures. Fiftynine patients were treated with bridging external fixation and 56 patients were treated with locked volar plate fixation by five hand fellowship-trained orthopaedic surgeons at our institution. All patients were evaluated postoperatively at 2 weeks, 6 weeks, 12 weeks, 6 months and one year. Demographic data, including age, gender, hand dominance, mechanism of injury, laterality, fracture pattern and soft tissue disruption, were recorded. Preoperative radiographs (posteroanterior, lateral and oblique) were evaluated to identify the extent of comminution and to classify each fracture according to the AO system. 22 Data regarding the treatment course, including subsequent procedures and complications, was collected.
Clinical results were assessed with physician-directed outcome tools and with subjective, patient-oriented questionnaires at postoperative visits. Immediate and final postoperative radiographs were evaluated to determine radial length, scapholunate angle, palmar tilt, articular step-off and articular displacement. Grip strength and range of motion were evaluated and recorded by the treating surgeon. Disabilities of the arm, shoulder and hand (DASH) scores were calculated for each patient using a standard questionnaire. 23 Visual analog scale for pain (VAS) scores were also recorded according to previously described methods. 24 Complications, including tendonitis, tendon contractures, nerve pathology, implant failure, delayed union, nonunion, post-traumatic arthritis, infection, and digital stiffness were evaluated and recorded. Fractures were categorized as delayed unions if they showed no radiographic evidence of bridging trabeculae across the fracture site at four months postoperative. 25 If after six months the same fracture continued to show no healing on radiograph, it was to be characterized as a nonunion. All radiographs were interpreted by a single observer. Patients were considered to have symptomatic postoperative arthritis if they complained of arthritic joint pain and displayed marked joint-space narrowing with osteophyte formation in the radiocarpal or radio-ulnar joint. All other complications were diagnosed based on presenting symptoms and physical exam findings.
Demographic Data
For the group of patients treated with external fixation, 45 patients were injured by a fall, two by crush injury, and eight by motor vehicle accident. In the volar plating group, 40 patients were injured by a fall, one by crush injury, and 14 by motor vehicle accident. Seven of 59 patients in the external fixation group and two of 56 patients in the volar plating group sustained open fractures. There was no significant difference between the two cohorts in terms of any demographic variable, and the detailed results can be seen in Table 1 .
Statistical Methods
Demographic characteristics of the two study groups were compared using the student t-test for continuous variables and using the Pearson chi-square statistic for categorical variables. 
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All of the radiographic and clinical end-points were reported as continuous variables. Comparison of outcome data between the two study groups were made using the student's t-test.
Complications were reported as categorical variables. Only the overall complication rate was compared between the two groups given the low incidence of any given complication; this was done using the Pearson Chi-square statistic. Given the large number of end-points assessed in this study and the fact that any single patient can have several different outcomes, we utilized the Bonferroni correction technique for statistical accuracy when comparing individual outcome events between the two cohorts. With this technique, the p-value for significance when comparing the two cohorts with respect to each individual outcome variable is < 0.005 rather than 0.05. All data analysis was performed with JMP statistical software (SAS, Cary, NC).
RESULTS

Radiographic Results
Final radiographic results were evaluated using standard posteroanterior X-rays taken in neutral forearm rotation, lateral, and oblique views. The external fixation group demonstrated radial shortening of 0.72 mm in the interval between the first postoperative and final postoperative follow-up radiographs, resulting in a positive ulnar variance at final imaging of 0.63 mm. The volar plate fixation group demonstrated only 0.27 mm of radial shortening during the postoperative period and healed with the radius in a slightly lengthened position, creating a negative ulnar variance of (-) 0.82 mm at final follow-up. Specifically, in the external fixation group the first postoperative radiograph revealed that the radius had been lengthened an average of 0.09 mm with surgery, but at final imaging the radius had subsided 0.72 mm to leave a net positive ulnar variance of 0.63 mm. The volar plate fixation group showed less postoperative radial shortening with a mean subsidence of only 0.27 mm, going from the first postoperative X-ray showing a mean radial lengthening to 1.09 mm, to the 0.82 mm of radial lengthening at final imaging. This difference in ulnar variance between the external fixation group at 0.63 mm, and the volar plate fixation group at (-) 0.82 mm was significant (p < 0.0001). There were no significant differences between groups with regard to mean scapholunate angle, palmar tilt or articular displacement. The results are summarized in Table 2 .
Physical Examination
Physical examination of active range of motion and grip strength was compared at final follow-up. In the group treated with volar plating, active pronation and supination averaged 85° and 83°, respectively. The external fixation group had significantly less (p < 0.0001) pronosupination at final follow-up; with average active pronation and supination measurements of 74° and 68°r espectively. The external fixation group also had significantly less (p = 0.002) average arc of motion in flexion and extension. There was a trend toward improved grip strength in the volar plate group that approached, but did not reach statistical significance. Results are summarized in Table 3 .
DASH Outcome Questionnaire and Pain Scores
The average DASH scores at final follow-up were 32 in the external fixation group and 17 in the volar plating group. This approached but did not reach statistical significance (p = 0.0110). Final VAS scores were 3.1 and 1.1 in the external fixation group and volar plate group respectively, and this was statistically significant (p < 0.0001).
Complications
Overall, the external fixation group had significantly more complications than the volar plating group, with 31 complications in the external fixation group and 14 complications in the volar plating group (p = 0.021). One of the most common complications was residual finger pain or stiffness, and 14/59 (24%) of patients in the external fixation group complained of this at final follow-up relative to only 5/56 (9%) of patients in the volar plating group. There was also a higher incidence in the external fixation group of radial nerve pathology with 7/59 (12%) of patients in the external fixation group experiencing superficial radial nerve paresthesias compared to no cases of radial nerve pathology observed in the volar plating group. Early postoperative arthritis and infection were more common in the external fixation group (Table 4 ). In the volar plating group, there were more tendon contractures and median nerve pathology. One patient in the volar plating group developed dorsal wrist pain due to prominent hardware, and one patient in the external fixation group developed persistent pain at a proximal fixation pin site. Each group had one patient with delayed union of the fracture. Please see Table 4 for a summary of complications.
DISCUSSION
Distal radial fractures are common injuries with numerous potential complications. Some surgeons have noticed a decreased incidence of complications as fixed angle volar plating has become more common. 21 The present study intended to evaluate this perceived trend in complications in a large group of patients treated with either external fixation or volar plating, and to assess several common radiographic and clinical parameters. Our results indicate a significantly higher complication rate with external fixation, compared to volar plate fixation.
Limitations of the present study must first be addressed. One weakness is that the surgeons who performed the operations also examined the patients postoperatively without blinding. In addition, this was a retrospective study of prospectively collected data which lacks the rigor of a prospective trial. Another limitation of our study is that there is a potential selection bias between the external fixation and volar plating groups. This is reflected by the increased number of C3 versus C2 fractures in the external fixation group. Yet the fact, the choice to use the volar plate or the external fixator derived more from personal preference rather than fracture pattern decreased the significance of this finding, with no statistical difference in the number of C2 and C3 fractures in each cohort.
Though there was no statistically significant difference in the number of patients with open fractures between the two cohorts, there was a trend of more open fractures in the external A strength of our paper is the large number of patients included and the fact that both cohorts were demographically well-balanced.
The most common osteoarticular complications in the present study were delayed union and postoperative arthritis. Delayed union and nonunion are historically rare, with nonunion occurring at a rate of only 0.2% in a 1953 study of two-thousand patients with distal radial fractures from 1945 to 1949. 26 Some investigators believe that the increased use of surgical techniques that create a gap in the metaphysis of the distal radius after restoring its length have resulted in an increased incidence of this complication. 27, 28 Inadequate stabilization of the fracture, overdistraction, and other medical factors including diabetes, alcoholism and smoking likely to play a role in the development of delayed union. 25, 29 None of the aforementioned factors involved in the development of delayed union, suggest that either external fixation or volar plating would provide an advantage in avoiding this complication.
Post-traumatic arthritis is a complication of intra-articular distal radial fractures. We documented three patients with early symptomatic post-traumatic arthritis in the external fixation group and no cases in the volar plating group. A review by Knirk et al of 43 young adults with intra-articular fractures of the distal radius found that 60% had developed symptomatic radiographic evidence of arthritis at a mean follow-up time of 6.7 years. 18 Most of these patients (88%) were treated with either cast alone or pins and plaster cast. 18 An articular step-off of 2 mm or more is a significant risk factor for the development of post-traumatic arthritis. 15, 18 Leung et al described significantly lower rates of post-traumatic arthritis at 24 months postoperatively in patients treated with internal fixation versus external fixation. 30 The increased precision of anatomic reduction facilitated by open reduction and internal fixation may lead to the decreased incidence of post-traumatic arthritis in patients treated by this method. We observed significantly less radial shortening after volar plating compared to external fixation. However, we found no difference between cohorts with regards to scapholunate angle, palmar tilt or articular displacement.
Tendon complications are commonly associated with dorsal plating procedures due to the close proximity of the dorsal plate to the extensor tendons. 31 Serious tendon complications, such as tendon rupture, are relatively rare with volar plate fixation, since the volar aspect of the wrist offers greater cross-sectional area and the pronator quadratus separates the volar plate from the flexor tendons. 32, 33 The complications we observed were tendonitis and tendon contracture, without any cases of rupture. Specifically, four patients in the volar plating group developed tendon complications, with two contractures and two cases of tendonitis. Only one tendon complication was seen in the external fixation group; a case of tendonitis.
Overall, there was a 19% nerve complication rate with increased incidence of radial nerve complications in the external fixation group and median nerve complications in the volar plate fixation group. The superficial radial nerve is especially vulnerable during external fixation, as it is tightly constrained beneath deep fascia as it exits from under the brachioradialis muscle, between the brachioradialis and extensor carpi radialis longus tendons. 29, 34 This could account for superficial radial nerve complications in patients treated with external fixation, where 12% of patients develop radial nerve pathology relative to no patients in the volar plate group. Regarding the median nerve complications, three patients in the volar plate group developed paresthesias in the distribution of the median nerve, whereas only one patient in the external fixator group had this pathologic finding. It has been shown that dorsal angulation is a risk factor for the development of carpal tunnel syndrome in patients treated with plaster cast, 35 yet the measurement of final palmar tilt (see Table 2 ) in our study did not differ between treatment groups. The most likely explanation for the higher incidence of median nerve pathology in the volar plate group stems from the surgical approach to the volar wrist and traction placed on the surrounding nerves during exposure. The median nerve proper and the palmar cutaneous branch can become irritated from the exposure, the pressure of the plate itself, and from postoperative swelling or scarring.
Overdistraction with external fixation has been postulated to produce increased tension on the extensor mechanisms of the fingers, leading to the development of interphalangeal joint stiffness. [36] [37] [38] We did find that finger stiffness was more common in the external fixation group. One explanation for this may be that the early postsurgical active wrist and finger motion facilitated by volar plate fixation helps prevent the development of finger stiffness. While pin-tract infections are commonly reported with external fixation of distal radius fractures, infection with internal fixation is less common in the literature. 29, 39 In a study of 314 patients with distal radial fractures treated with external fixation, 21% developed a pintract infection. 40 The present study found a much lower rate with only 2/59 (3%) of the external fixation patients developing an infection. There were no infections in the volar plating group.
Several recent publications have compared external fixation to open reduction and internal fixation, but many of these do not specifically compare locked volar plating to external fixation. Several prior studies have also demonstrated decreased complications in patients treated with volar plating. [41] [42] [43] Rizzo et al reported three complications in 17 patients treated with external fixation (18%) and no complications in 41 patients treated with volar plate. 41 Wright et al reported eight complications in 11 patients (73%) treated with external fixation and three complications in 21 patients (14%) treated with volar plating. 42 Schmelzer-Schmied et al reported seven complications in 15 (47%) elderly patients treated with external fixation and three complications in the 30 (10%) elderly patients treated with volar plating. 43 In a recent noncomparative study of 125 patients treated with volar plating, Jupiter et al reported a 22% overall complication rate with 71% of the reported complications being relatively minor. 44 The present study is comparatively large, statistically clear, and the aforementioned studies cooperatively support its results.
The overarching goal of this investigation was to review our own management of patients with distal radial fractures by comparing patients treated with external fixation to those treated with locked volar plating. In this series, volar plate fixation was associated with a decreased number of complications, significantly less radial shortening, and significantly better postoperative arcs of motion. Patients treated with volar plate fixation have better pain outcomes, as measured by postoperative VAS score. These results suggest that volar plate fixation is preferable to external fixation for the treatment of amenable distal radial fractures.
